Topographically distinct visual and olfactory inputs to the mushroom body in the Swallowtail butterfly, Papilio xuthus.
Papilio butterflies depend highly on visual information in their flower-foraging behavior. The retina of Papilio xuthus has been studied well, whereas the visual system in the brain is poorly understood. By investigating outputs from the optic lobe to the central brain, we found that the mushroom body of P. xuthus receives prominent direct inputs from the optic lobe in addition to olfactory inputs. The mushroom body consists of three components: the calyx, the pedunculus, and the lobes. The calyx is further subdivided into two cup-shaped primary calyces and an accessory calyx. Each primary calyx consists of three concentric subareas, the inner zone, the outer zone, and the rim of the outer zone. Dextran injections into the optic lobe, the calyx, or the antennal lobe revealed three visual inputs and one olfactory input into the calyx. The visual inputs originate from the medulla, the lobula, and a newly identified neuropil, the ventral lobe of the lobula. All visual inputs first innervate the accessory calyx, and the two lobula inputs further spread their processes through the inner zone and the rim of the outer zone of the primary calyces. Visual inputs from the medulla and the ventral lobe of the lobula collect light information from ventral eye regions, suggesting a role in visual target detection rather than sky compass orientation. In contrast to visual inputs, olfactory inputs innervate only the calycal outer zone. The multisensory inputs to the mushroom bodies in P. xuthus are probably related to their flower-foraging behavior.